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PRUER 27 0.4%~9.6%(n=6), E RN 0.1~10 mg/kg, LI Z Ayt HERT . REL &G WE B b
PR UV 325 18 FhOG5 A0 A5k B it
R OUS1IR; WAREE- RO, AUT R A bR

Determination of 18 photoinitiator residues in paper-made food packaging
materials with printing UV-ink by liquid chromatography-tandem
mass spectrometry
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ABSTRACT: Objective To establish a method for determination of 18 photoinitiatiors in paper-made food packing
materials with printing UV-ink by liquid chromatography-tandem mass spectrometry (LC-MS/MS). Methods The
samples were extracted by acetonitrile and purified by centrifugation, separated with ZORBAX Eclipse
plus-CsRRHD column by gradient elution using 0.1% formic acid water (A) and 0.1% formic acid-acetonitrile (B) as
mobile phases. The quantitative and qualitative ions of photoinitiator were monitored by multi-ion detection. Results
Totally 18 kinds of photoinitiators had good linear relationship in the concentration range of 3—-37.5 ng/mL, and the
correlation coefficients were more greater than 0.99. The recoveries at the addition levels of 10, 45, and 75 ng/g were
90.1%—-109%, the relative standard deviations were 0.4%-9.6% (n=6), and the limit of quantification was 0.1-10 mg/kg.
Conclusion The proposed method is fast, accurate and sensitive, which is suitable for detecting the 18 photoiniators
in paper-made food packing materials.
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food packing materials

1 51 &

Y51 % 5 (photoinitiators, PIs) 2 [H 414 2 1) 42 47,

SRR BRA WB0 2 TORY, fE5EIOENT,

e 1R RN B AL, NI 5| & A O ny foff 38 /K s i i
BALZERT IS o SR, e & FIGEA B R ALl 1L 7 5 58
PR R s, 0 T AR MORE P R IR AR5 5 1ok
51 % F5% B AE S AR R i R s &
FIHA —E R, X R R A — 5 i R0 N fih 2
P, LA WA BURE R R, BT SR X
BHIER, G i e m <k, SEHE, N
R She— s A e B i 1)

FEXF 65| 500 BRI EER ZE R L v ) A ] SR G
LR B IR TREL . 2007 4E, ZEKRE ResAP(2002)1 Heill
CRTF 51 Sl B RSB B ) b, B A AL
1R 4,4- 80 F IR L) 2R (MK, CAS No 90-94-8)F11
4,4-3(Z 2 H5 5~ HEH(DEAB, CAS No 90-93-7)B1, %
EL7E GB 9685-2016 { b FEEIRUE £ Ah i bf )
Tl it FAS ISR PR oA ) PR e B R X 2, 4- 3R
A (CAS: 1137-42-4) (%7 4 i 7% £ (specific migration
limit, SML)# 6 mg/kg, 2016 4F, HEFEHPRAES
63 5, KAT T FRiE HI 2542-2016 { FREEFR & M AR TR
JEEERIM AR ) L b ok B A B Rl ek Ak T BN S i R
filil (benzophenone, BP) . S N & B 4k B i
(isopropylthioxanthone, ITX). 2 ' %&-1-(4- 1 H AR AL A
HE1-2-(4-MG B IE)- 1- PN R (90 7) P R o5 ] & 511)

H A SO R T 48 2 1R 56 T & S b Bl k&
SET & BRI Jr i, AR RO kT ok
SRIRREIEY . A - A T O R A A
LY | BB B - g RS A0, AR
LA AT 7 i B A RE R A — ik Ll e
il UV i85 &), BAESEPRENR] UV hasr 1.2
o, WETEMHZ RS ER, Bl ZFEE] kR R
T2 kSR fa s, B H RO T 2ot ] & 57 [ B s i) i
GEMIRT D LA TS — Rl . R R R A
BT 5 2 2 R W T TR R AT REZ Y UV IR
RS R FER I &, DASJR AT BEAR ARG H B .

A WE 5 A WA R - R G I (liquid
chromatography-tandem mass spectrometry, LC-MS/MS)#
ST AR ALl R EDR UV S SR R 18 FOBE 1 &R R &
SN E i, TR R A ROE S, WERR AT RE, WO
WEAETR T TS b T W, A Al S B i T AR T
PRI AR S HF

2 MREREE

2.1 LRSI

Agilent 1260-6460 i AH (5 1¥%- = T DU ZLFF T 1 A% (3
H R A RA ), XPE 205 B F K Gt i§
Fr - 35 R 2 AR A E]); 0412-1 B0 AL T AR );
XW80A i it 1R 7 % CHAR DR AU i A R 2 7)), Milli
Q # 4l KX (3£ [E Millipore 22 Fl); KUDOS # 75 1 1 i 45
(RSB A AR AT IR H.

18 FhS6o| K FIAR Y L. 2- 5% 55 -4- FF A0 2L 0K F
((2-hydroxy-4’-(2-hydroxyethoxy)-2-methylpropiophenone,
HMMP, 4l =96%, CAS: 131-57-7). 2-F - 1-[4-(FF BL43
) 2 3k 1-2-(4- 1t ok JE )-1- T4 il (2-methyl-1-[4-(methylthio)
phenyl]-2-(4-morpholinyl)-1-propanone, Irgacure 907, &fiJF
= 98%, CAS:71868-10-5) . 4- F& H — 2% H [l
(4-hydroxybenzophenone, 4-HBP, #fi £ = 98%, CAS:
1137-42-4) . 1- %% 2 3F © 5L 2K B i (1-hydroxycyclohexyl
phenyl ketone, HCPK, 4liJ¥ =99%, CAS: 947-19-3), 4-—_H
IR H R O Wg (ethyl-4-dimethylaminobenzoate, EDMAB,
4ali i =99%, CAS: 10287-53-3). K H [ifl(benzophenone, BP,
4l =99.9%, CAS: 119-61-9), 4-(— H & 3L) 7K H i
(4-(dimethylamino)benzophenone, DMBP, 4 & = 98%,
CAS:530-44-9) . 44 — H & A o8 B il (4,4-bis
(dimethylamino)benzophenone, MK, 4l ff = 98%, CAS:
90-94-8) . 2,2- = HI & -2- K HL 2K 2 i (2.2-dimethoxy-2-
phenyl acetophenone, DMPA, £ =98%, CAS: 24650-42-8)
4- H 3 — 7K H i (4-methylbenzophenone, MBP, 4l & =
99.9%, CAS: 134-84-9)  2- £ Hk-4"-(2-15 £ 48 Jk)-2- T B K
fili(2-hydroxy-4-methoxybenzophenone, HMBP, 4[iJ¥ =98%,
CAS: 106797-53-9), 2-Z JLJE[i (2-ethylanthraquinone, EA,
A JE =97%, CAS: 84-51-5), 4,4"-X(Z L & H) 4 W i
(4,4’ -bis(diethylamino)benzophenone, DEAB, #fi fif >99%,
CAS: 90-93-7). 2-5MENi-9-fifl(2-chloro-9H-thioxanthen-9-
one, CTX, 4liJff =98%, CAS: 86-39-5). 4-4 HI[iESLEL K
ai fF = 98%, CAS:
2128-93-0), 2-57 N H:BENifH (2-isopropyl-9H-thioxanthen-9-
one, ITX, ZliJf =98%, CAS: 5495-84-1), 1-%-4-NAHLH
7% L -9-lii (1-chloro-4-ropoxy=9H-thioxanthen-9-one, CPTX,
i E =97%, CAS: 142770-42-1), Xt — F & JE7K H iR 5+~ ik
(2-ethylhexyl-4-dimethylaminobenzoate, EDB, 4}i & = 98%,
CAS: 21245-02-3)(H A% TCI 23 Hl).

I WEL(EREal, S5 Fisher A r)); HRR(EREAL,
22 [# ACS lab A #]); 0.22 um JE B JE AR (3£ E Millipore 24 7 );

(4-phenylbenzophenone, PBZ,
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SEHEE K Milli-Q B 4liK .
22 XWHE
221 ERBA

18 FpA51 K& R IR G AR EI &L 2 5 AT FR
B 18 FhR1ES: 10.00 mg T 10 mL 3 6 A0, FH B
EZE, BRI AR EEZ N 1000 me/L ARAEN W, T 4 °CH
I R

18 Fotas | 2 30 A Am vt Hh (A1 T BC . TR 3.0 mL iR
AFRUERIE AT 100 mL AR A I, FEOAMER, Bkl
B EEA 30 mg/L HRIR, T4 CEREIEI PR
PR 30 mg/L BYIR A PR vEA RO R B E 3 mg/L IR A r
WEZS I, PRECPUAH o

18 Fl 51 % 50 A A5 ol T AR il 28 95 90 0 ol 4 0 1l
HEFREL 3 mg/L IRAARMEPEE] 0.010, 0.025.,
0.050. 0.075. 0.100. 0.125 mL F 6 /> 10 mL k& A%
I, B 0.1%H BR/K-0.1%H R 4 % (60:40, V:V)
i Bl v JE o 0.003 . 0.0075 . 0.015 . 0.0225 .
0.0375 mg/L MR & FrME R Y| TAEE K, 0.22 pm T
PR, PR .
222 LA ®E

FRECE B RES, 3.00 g T 50 mL #5048, HERGN
A 10mL ZJi5, HEAEZEE 4 0 min, &5.0>(4000 r/min, 10 min),
BRI, 1 0.22 pm JEA .
223 RAREE-F ALt

(1) WAH S

% HE /8 ZORBAX Eclipse Plus-CsRRHD & 3if £
(2.1 mmx50 mm, 1.8 pm), HNFH: 0.1%H FLRIK(A)-0.1%H
1% Z 1% (B), Wii: 0.3 mL/min, YRR 2 L, #HiR:
25 °C, BHEVENIFER: 0~4.0 min, 40% B; 4.0~10.0 min,
5%~95% B;10min~18.0 min, 95%~40% B.

(2) Fuiksfs

BFUR: TS AJS ESIY, iy 2l
W, THEAS: AR, W 7 L/min, THRAREE: 230 °C; %

+TIC MRM (**->**) std5.d

x10* |1 6,7,8

40}
35F 2
3.0
25+¢
20F
15F
10f 5
osf 1 3

i o7 {2

AL AR E F7: 20 psi,
BARE: 380 °C, ¥R 11 L/min, WiWEHLE:
1000 V, BAEHJE: 3500 V; B4 B BHE]: 15 ms.

3 #R55%

31 BEEHsmL
3.1 AikeyikdE

SRR T/ INBUR R R SR S 1S A ZORBAX
Eclipse Plus-C;sRRHD(2.1 mmx50 mm, 1.8 um); £ T A
[ 93 (0.3 mL/min F1 0.4 mL/min)f)4> 85800 R, 45
JREH, YN 0.3 mL/min BF, 20 43 B 60506 43 8 45
UF, AR T B ARG, JF HLZ R0 B VAR TS 3 Bk
B, WE 1R
3.1.2 AHAEehirHE

EFHEIEFGETHERNE, WET KAy
PR, BEPR SR €4 H A 9 Sh AR 2R Y RE-2KORT 2 7K
AT L, FRBNAETE RS FRAUT, BT iRy
WY R [M+H]", B PR3+ &1, Mmoot R
B . TR EE VR, b T ORIIE L SN R A R B R A5 A
WA B R, R 0.1%F BRIK-0.1%F R 2 I AF 8 Fef:
TEAH, R AR, VeGSR TR RN S
Wi, BT LAA R EE-KAR R 0.1% /K- R R i sh
A, RIGEEF R, WIERBINTFR, 438 H T,

PALSAET, 18 Fies | AR IR it iEl, T 2.
3.2 FiEERHMmK

18 TR A b o fifs #5145 VB PP I R VR BE
15 pg/L VLR MRM R RRM #3067 15 3% 2 50
fbo f ESIE AT 284, v NES 5T
WEM+H] . LIS F B F IR BB, T8 M 1) 24 i
JE, SEREm R AR 2 AR B RRE A
BT, [ B 4% B AT R B R BANE I
FA . HEESE, BE&RMMFE 1 PR EE.

12,13, 14

16,17

10,11
: 15 18
: U\_L

05 1.0 1.5 20 2.5 3.0 3.5 40 45 50 55 60 65 7.0 7.5 80 85 9.0 95

fisf ] /min

e B LS55 1 X
118 FoLBI AR S FRE

Fig.1 Total ion chromatogram of 18 photoiniators
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+MRM (225.1->179.0) qc1.d
x10° i

10° 1 0.642 min.
1.4 F
£ nof
= 08
= 0.6
0.4
02
0 =

020406081012 14
5[] /min
2 FR K4 H LA R

+MRM (205.1->104.9) qc1.d

x102 |- 3.056 min.
a T
B 3¢
E s L
1 —
0= L \ .

25 30 35
i} 6] /min
12 FLIR O IR

+MRM (226.1->105.0) qc1.d
x10* | 4.031 min.
12 F
1.0
0.8
0.6
04 +
0.2 F
0

1 7 {1

35 40 45
Fi5F ] /min
4 (T HEIE) IRH

+MRM (197.1->77.0) qc1.d

x10? 4.917 min.
- 5
5 4
= 3
2
1
0

75 50 55 60 65
5[] /min
4—FA R R H

+MRM (325.2->176.1) qel.d
10 5.896 min.

Fon| 20
E\ 15 F
= 1.0

0.5

0

50 55 60 65
15} 6] /min
4, 4K (LA ) A H il

+MRM (255.1->213.0) qel.d

x10* |- 6.817 min.
0.8
o
506
T o4f
02 +
0 1 1 1 1
6.0 6.5 7.0 7.5
5[] /min
2 BRI i)

Fig.2

+MRM (280.1->165.0) qc1.d
x10° | 0.766 min.
1.75
1.50
125
1.00
0.75
0.50
025

0

i) S

05 1.0 15
5[] /min
2- k-1 [4- (R EmAL) 2R2E)
—2— (4-NHBRRIL) — 1P il
+MRM (194.1->151.0) qel.d
x10° | 3.599 min.

i A
|38}
(=}
T

30 35 40
15} 6] /min
4 —HEIRKH R OB
+MRM (269.2->148.0) qe1.d
x10* 4.121 min.
. 25
20
2‘
jcg—‘ 15
1.0
05

0

35 40 45 50
F5F]f] /min
4, 47 W LGSR H il

+MRM (229.1->151.0) qc1.d
x10° | 4.936 min.

1.4
12
1.0
0.8
0.4
0.2

Wi A

0

45 50 55
5 [a] /min
2-FRIe4'— Q- FR L EIE) 2-HIILAN T

+MRM (248.0->213.0) qcl.d

x10? 6.065 min.
1.0
. 0.9
£ os
2 o7
= 0.6
0.5
0.4
0.3 1 1 1 1
5.5 6.0 6.5
5} ] /min
2 W 9]
+MRM (305.0->263.0) qc1.d
x10° 6.826 min.
6 -
@ ST
= 4r
= 3r
2 -
1 -
0 1 1 1 1
6.0 6.5 7.0 7.5
[ i) /min
=584 S i A -9
B2 18 FIOGH1 & Y S IR 7 i

+MRM (199.1->121.0) qc1.d

x10? 1.409 min.
6 -
- Sr
B o4r
E 3t
s
1 -
0 E .
1.0 1.5 2.0
[ [3] /min
4RI IR IR
+MRM (183.1->105.0) gel.d
x102 | 3.953 min.
35 F
im 3.0
S 25t
R
1.5
1.0 -
0.5 =
T35 40 45
Hsf 7] /min
2K
+MRM (225.0->197.0) ge1.d
x10? 4.420 min.
7
m 6
s
2 4
3
2
1
0 F ) \ |
4.0 4.5 5.0
5} 8] /min

2,2~ HU RS2 ILIE 2
+MRM (237.1->209.1) qcl.d

x102 F 5.877 min.
o 19
s Wt
g oo f
1.5 F
1.0 1
1.5 k
0 kb s s L
5.0 5.5 6.0 6.5
5} 8] /min
2-Z FE R
+MRM (259.1->104.9) gel.d
x10° [ 6.370 min.
20
o
B 1.5 F
E 10F
0.5
0 L 1 1 1 1
5.5 6.0 6.5 7.0
15} 1] /min
42 F BRI
+MRM (278.2->134.0) gcl.d
x10° [ 7.839 min.
1.4
12 F
g 9ot
2 ost
= 06 F
04
02
0 . : .
7.0 7.5 8.0 8.5

5[] /min
of S R R R i

Ton extracted chromatograms of 18 photoiniators
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33 FHEEWIE

Fie 2.2.1 PCIAS R e BE IR A bR B 2k TAEW, K
YRR, LA B A5 4 i e 1 B AR AR (Y), Ve B R
AFR(X, ng/L), ZlbriElhZe, 5281407 &8 &m0 &R
(), FLIAERER 18 Fok5] & F4E 3~37.5 ng/mL 1w
I AP PESE R, MR RT 0.994, K
HH R (SIN=3)K 0.04~1.0 pg/kg, & &R (IN=10)H 0.1~

10 pg/kg.
HERPRICAS (ARE R 3.0g, T340 A 3 63, 43l it hn
NIRGIRUER I, BOEMR. L& 3 AR K30 ng,
135 ng, 225 ng), %8 2.2.2 Jy P EA AR SR AL FRAD_ AL
FE, TR LR B ARG 0 bR 1SR R AR XA o D 2
(relative standard deviation, RSD), Z5RFHH, JndrEllkE
£ 90.1%~109%, RSD 7E 0.4%~9.6%, #4ii Il 3% 2.

Fz1 18 FX3|LFIA MRM EX LS
Table 1 MRM optimized parameters of 18 photoinitiatiors
g e TR BR B ] WA+ FET TS e il 45 il o
/min (M/2) (m/2) /v /eV
1 2-FE -4-H A SR i (HMMP) 0.64 225.1 179%,107 110 9,40
2 2i$%'1'[4'(qﬂ%ﬁﬁ)ﬁg]'z'm'mﬁ%)'lﬁ 0.77 280.1 165+ 88.1 120 17,21
fili (Irgacure 907)
3 BRI TORHIE] (4-HBP) 1.41 199.1 121*93 110 13.35
4 1-J2 PR & R B (HCPK) 3.06 205.1 105*,77 65 13,41
5 4-— H IR R 2 BR(EDMAB) 3.60 194.1 134,151* 110 25,21
6 7% H i (BP) 3.95 183.1 105*,77 110 13,30
7 4-(Z W = 3% 2R H R (DMBP) 4.03 226.1 105*.77 114 21,45
8 4,4 — WL E LR HT R (MK ) 4.12 269.1 254,148% 140 17,21
9 2,2- " H A JE-2- R HOE 2 i (DMPA) 4.42 225 197%,165 170 20, 40
10 4-FHEZZRHIE(MBP) 4.92 197 105*,77 100 9,40
11 28 0E-4-(2-F 2 L A HE)-2-H FEZR N i (HMBP) 4.94 229.1 151%,105 100 13,17
12 2-ZILER(EA) 5.88 237. 209%,152 144 21, 41
13 BYERMEHM(DEAB) 5.90 325.2 176*,281 170 25,25
14 2-5ABEMi-9-ff] (CTX) 6.06 248 213*,185 135 25,20
15 4-RHBERIR(PBZ) 6.37 259 152,105% 114 49,17
17 SFNERBEMER,(1TX) 6.81 255 213%,184 140 17,40
16 A-4-NAIEG A E-9-H (CPTX) 6.83 306 264*,172 120 21,40
18 X HIE BRI R 5 1K (EDB) 7.84 278 134*,107 140 25,25

TR ER BT

=2

18 FESI AT EMNLMESIE. BEXRY, BWE, BNRERE, HERMEER(N=6)

Table 2 Linear equations, correlation coefficients, recoveries, relative standard deviations, limits of detection and limits of quantitation
of 18 photoinitiatior coumpounds (n=6)

ey S QIESE FEIECRY% HIHE% it B SR
r (30, 135, 225ng) (30, 135, 225ng) /(ng/kg) /(ng/kg)
HMMP Y=821688X+821.67 0.997 90.5 104 104 3.6 5.1 4.1 1 2
Irgacure907 Y=11518240X+8017.20 0.995 913 984 101 1.4 4.2 9.4 0.04 0.1
4-HBP Y =440216X + 348.77 0.998 90.1 103 102 6.7 5.5 6.3 1 4
HCPK Y=558337X-97.81 0.997 101 104 98.8 4.9 2.5 1.4 0.4 1
EDMAB Y=4106927X~-1342.58 0.996 106 105 102 0.4 3.0 1.7 0.04 0.1
BP Y =455160X + 234.58 0.996 94.5 108 103 9.6 4.4 3.1 0.4 1




1070 B % 4 BRI 2 it RN
gk 2
ey SR )fﬁjé;%;%z IR % FIE% o H R SE PR
r (30, 135, 225ng) (30, 135, 225ng) /(ng/kg) /(ng/kg)
DMBP Y=7143456X+239.19 0.996 100 105 100 1.1 54 48 0.04 0.1
MK Y=20439677X+3647.45 0996 989 107 105 21 36 3.1 0.04 0.1
DMPA Y=397447X+10.20 0.995 103 107 104 47 61 48 04 2
MBP Y=552432X+970.57 0.997 100 106 101 90 53 21 4 10
HMBP Y=1057189X+66.83 0.999 103 92 93 75 37 86 0.7 2
EA Y=279579X+58.62 0.996 105 109 108 89 28 17 04 1
DEAB Y=21613587X+20726.99 0999 939 108 108 48 13 16 0.04 0.1
CTX Y=28026X + 59.18 0.994 109 983 104 42 40 22 4 10
PBZ Y=1291164X+440.18 0998 908 103 103 31 25 21 0.1 0.4
ITX Y=3331228 X+1979.04 0.998 101 108 109 34 80 34 0.04 0.1
CPTX Y=2032453X + 45.86 0999 902 106 106 2.1 47 37 0.04 0.1
EDB Y=1125346X-620.29 0.995 109 106 103 51 46 23 02 1
3.4 SEPREFERINE SE

FIFA 5 32233 6 F bR 48 ST ENRI UV I 88 (1430 25 kL
WORE AT, N 3, 6 MRS, BB T 1 MRESITE
S5 L FNESBA H A8, Hiby 5 AERK HA MBP, HCPK .

DEAB. 907 By%5% 84,

Hh MBP %%

[

Hi"%@

R3 LRGN R (ng/kg)
Table 3 Test results of actual sample (mg/kg)

1 2 3 4 5 6
MBP 0.49 0.02  N.D. 0.38 0.02 0.03
HCPK N.D. 0.02 N.D. ND. ND. ND.
Irgacure907 0.03 N.D. N.D. 0.03 0.02 N.D.
DEAB 0.11 N.D. N.D. 0.12 0.07 0.02

e Hif NDOBRKH

4 & 1

FEAES BT, H RS X R TR, RIOR &5t
B g, P LC-MS/MS R E, By — R 4R
SRR UV 38 rp 18 BOGBI &R ik . %y
PR PR AR AT T A, HAT S AE . m R &
R B R a5 . BRIRCT T B AR A 4 b R A T 5
(ARG I 25 SR R I, 3k 25 5| & — 2 FR B AP TE, N
T UE R 56 A 25 bR 9 2 4 DA R, [l sl IR 3R [ b 2
LS SR D e
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